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ABSTRACT: A comparative study utilizing the six multivoltines, in three seasons of the year 
between pupal and adult moth stage of silkworm of reveals a positive significance. Pupal duration 
was calculated after chrysalis stage among six multivoltines clearly indicated that the duration of 
pupae in the pre race is lowest where as the Daizo race exhibited the longest pupal duration of 240 
hours. Silkworm adult life span evaluated in three seasons in the two sexes (male moth and female 
moth) it is clear that race pre exhibited shortest adult life span of 84 hours in mated males and 114 
hours in mated females during pre-monsoon period and Daizo race revealed prolonged adult life 
span 222 hours in unmated males and 242 hours in unmated females during post-monsoon period. In 
the present studies among the two sexes, the unmated (virgin) male and females moths exhibited the 
longest life span than those of mated male and female moths. The influence of three seasons on adult 
life span is very clear from the experiment. The effect of pre-monsoon is more conspicuous 
(revealing short lifespan) where as in post-monsoon season lifespan is longest both in the pupal and 
adult. The results obtained from the present studies clearly demonstrate that racial differences, 
seasonal impact and sex wise differences are important in the expression of adult longevity. 
KEYWORDS: Silkworm, pupa, moth, longevity, multivoltine, seasons, environmental conditions. 
INTRODUCTION: At present aging and lifespan study has been the intense subjects of biological 
science. Considering the complicated mechanism, utilization of more model organisms is 
indispensable for its evolutionary conservation and species specificity. Experimental animal with 
low cost, relatively integrated and differentiated physiological systems and simple body composition 
makes work easier and efficient and also they are more susceptible to exogenous regulation than 
mammals. The silkworm, Bombyx mori, has been regarding as a new choice for some aging and 
lifespan research, especially in longevity genes function, signalling transduction and medicine 
efficiency evaluation study as its many features (Jiangbo et al., 2018).  The existing invertebrate 
experimental animals could not fully satisfy the needs for studying the complex mechanism of aging 
and lifespan regulation. Therefore, more experimental animal models need to be identified and 
developed (Sekimizu et al., 2012). Meanwhile, the conservative lifespan regulation pathway in 
animal kingdom provides a natural basis for the study of the complex lifespan decision mechanism 
utilizing the lower animals (Kenyon, 2010). Silkworm (Bombyx mori) is one of the most important 
economic insects in agriculture and excellent experimental animals in classical genetics research 
(Goldsmith et al., 2004) than five thousand years, so some unique biological characteristics and 
cultural connotation have been formed (Panthee et al., 2017). With the overwhelming need for 
expanding new model organisms in the whole biological and medical research, the silkworm has 
been emerging as an organism of choice for research into the molecular regulation of aging and 
longevity (Song et al., 2016).  
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FIGURE 1: LIFE CYCLE OF MULTIVOLTINE SILKWORM BOMBYX 
MORI L. (Rohith L Shankar, 2018) 
 
The present work is being undertaken utilizing multivoltine pure races of mulberry silkworm 
pupa and adult moth stage since, reports or study utilizing lepidopteron silkworm pupa on ageing is 
seldom studied or may not be available.  Silkworm Bombyx mori is a holometablous insect 
undergoes all the stages like Egg, larva (feeding stage), Pupa (with in the Cocoon) and Moth (egg 
laying adult) in its life cycle (Fig.1). All theses stages have a significant relationship with its 
economic traits/characters which is of commercial importance and also indirectly or directly 
contributes to the economy of the sericulture industry which is been practiced in more than 60 
countries of the world. Each stage of silkworm is determined by interaction of its genetic 
constitution and external environmental conditions depending upon their voltinism, which varies 
slightly depending on the climatic conditions of the different seasons of the year. uni-, bi- and multi-
voltines, influenced by environmental factors, such as temperature, light, humidity, nutrition, etc. 
The genetic analysis of B. mori, with its 400 mapped mutations, hundreds of geographical races and 
genetically improved strains for qualitative and quantitative traits, cloned genes encoding proteins 
with diverse functions, has further explored its role as an ideal molecular genetics resource for 
solving broad range of biological problems (Nagaraju, 2000; Zhao et al., 2008). The review, at its 
level, considers the silkworm B. mori, a potential medicinal insect whose impact awaits proper 
attention and exploitation for the betterment of mankind (Singh & Jayasomu, 2002, Rohith et al., 
2015, Venkateshkumar et al., 2015). The study on the longevity or ageing in relation to the 
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economic characters is carried out in the pupa and moths (Anantha et al., 2018a; 2018b) of the 
selected few multivoltine races in different seasons as pupal stage is followed by moth stage and the 
healthiness of pupa is greatly influences the moth stage.  
MATERIAL AND METHODS: The six multivoltine races were selected for the present 
investigations are drawn from the germplasm bank of the Department of Studies in Sericulture 
Sciences, Manasagasngothri, Mysuru. The multivoltine races are pre (precocity), npnd (non 
pigmented non diapause), C.nichi, Pure Mysore (hence denoted as PM), Nistari and Daizo. The 
description of characteristic features of the six multivoltine races are presented in table-1. The races 
were reared in three replicates conducting cellular rearings, feeding quality M5 mulberry leaves by 
following standard rearing techniques of Krishnaswamy & Narasimhana (1974). At the end of larval 
stage, the spinning larvae were mounted on the mountages. Immediately after chrysalis stage (Plate-
1) the male and female pupae were separated and kept in perforated containers along with cocoon 
shell. For the experiment fifty males and fifty females were collected and kept in rearing tray and the 
pupal duration was recorded in hours in three different periods of the year namely pre-monsoon, 
monsoon, and post-monsoon season. The races were thoroughly evaluated during egg stage, larval 
stage, pupa/cocoon stage and moth stage for their overall health and performances. The pupa and 
moths obtained at the end of rearing is used for the present study. After emergence of the moths, 
twenty five male and female virgins and twenty five male and female mated moths were covered 
with cellule. The observation was carried out at intervals time of 5.30 A.M, 11.30 A.M, 5.30 P.M 
and 11.30 P.M respectively. The adult mean life span for each races/breed/hybrids for male and 
female was calculated following the method of Murkami (1989a). The life span of pupae and moth 
was recorded in hours in the three different season’s viz., pre-monsoon, monsoon and post- 
monsoon. The analysis of variance (ANOVA) was estimated following the methodology described 
by Snedecor & Cochran (1967).   
TABLE 1: THE MORPHOLOGICAL CHARACTERISTIC 
FEATURES OF SIX MULTIVOLTINE RACES.  
Sl. No. Races/ breed Origin 
Larval 
markings Cocoon colour 
Cocoon 
shape  
1 pre Japan Marked White Oval 
2 npnd Japan Marked White Oval 
3 C.nichi China Marked White Dumbbell 
4 Daizo India Marked Dark Green Spindle 
5 Nistari India Marked Golden yellow Spindle 
6 PM China Plain Light green Spindle 
The data obtained on the seasonal performance of the multivoltine, bivoltine and hybrids was 
analyzed by employing the statistics SPSS 20.0 packages. The pupal duration was calculated with 
the help of the following formula (Murkami and Ohtsuki, 1989). 
Total duration from spinning to moth emergence       ∑nD    = ∑nS + ∑nC  + ∑nP  
                                                        
Pupal duration          ∑nP =       ∑nD    -    ∑nS + ∑nC   
 
Where, 
∑nS = Duration of the spinning larva  
∑nC = Duration of pre-pupa (Chrysalis)  
∑nP =Duration of pupa 
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Spinning Larva 
(cocoon formation) 
 Chrysalis stage 
(inside the cocoon) 
 First Day pupa 
(inside the cocoon) 
 Cocoons on 
Mountage 
 
Emerging moth 
(piercing out of the cocoon) 
 
Unmated female moth 
(just emerged) 
 
Unmated male moth 
(just emerged) 
     
 
 
 
 
 
9th day female and male pupae 
(one day before emergence as moth) 
 Mated female and male moths 
(moths copulate just after emergence) 
 
Plate 1: Different Stages From Spinning Larva To Moth Emergence( Separated As 
Unmated Female And Male And Mated Female And Male) In Silkworm, Bombyx mori L. 
RESULTS AND DISCUSSION: The data pertaining to the pupal duration of six multivoltine races, 
in three season’s viz., pre-monsoon, monsoon and post-monsoon with their average results are 
presented in table - 2 along with statistical analysis and depicted in fig. 2. Similarly, the detailed 
results of the above experiments on pupal duration are as follows.  
Pupal longevity: The statistical data (ANOVA) with mean squares, ‘F’ values and CD at 5% level 
in six multivoltine races during three seasons are presented in table - 2 and depicted in fig. 2. Among 
the multivoltine races in pre, pupal duration was 144±3.36 hours in males and 168±3.46 hours in 
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females in pre-monsoon season. The longest pupal life span was recorded in Daizo race with 
210±3.15 hours in females for this season. The results have recorded a similar trend in monsoon 
season where the pupal duration was lower in pre race in both the sexes, and it is higher in Daizo 
race.  It is evident from the results that in post-monsoon season the male have recorded lower pupal 
duration ranging from 224±6.93 hours in the pre to a highest of 260±3.93 hours in Daizo race. 
Similarly, the duration of pupa in females clearly indicated that pre and npnd revealed a uniform 
pupal duration of 248±6.92 hours where as in PM, Nistari and Daizo the respective pupal duration 
was 272±5.92, 276±7.92 and 284±6.92 hours.  The overall picture that emerges out from the data of 
table – 2, clearly indicates that the duration of pupae is lesser in the males compared to female 
population in all the seasons (P<0.05).  It is also evident from the data that the lowest pupal duration 
was recorded in pre-monsoon season where as the longest pupal duration was observed in post 
monsoon season. 
The information on the pupal duration in lepidopteron silkworm, Bombyx mori has been 
studied by Murakami (1990). It is well established fact that majority of the lepidopteron insects 
including Platysamia (Hyalophora) secropia, Philosamia cynthia ricini, Attacus cynthia, Caligura 
japonica, Chilo supressalis, etc. are of a pupal diapuase type. However, some species including 
Bombyx mori and its putative ancestor Bombyx mandarina exhibited the pupal duration extending to 
17-18 days. Murakami (1990) demonstrated in the two important temperate races namely J115 and 
Ascoli that the pupal duration was extended by 17-18 days. It is important to know the relevance of 
short term selection for pupal weight in two Indian races namely Pure Mysore and NB18 which was 
reported by Puttaraju & Rajanna (1997). Added to this Rajanna & Puttaraju (1997) reported heterosis 
for pupal weight during interline selection. Murakami & Ninaki (1993) showed that the life span of 
pupae of Bombyx mandarina ranges from 11- 45 days regardless of the season and clearly 
demonstrated that long lived pupal life span is dominant over short lived pupae. Based on the present 
studies, it is evident that pupal duration is comparatively higher in females compared to the male 
pupae. Further, it is evident that the Daizo females exhibited the pupal duration of 
240.66±4.51hours, which is the longest compared to 202.66±4.61 hours in females of pre. Similar 
results were observed from the data pertaining to the pupal duration in monsoon and post-monsoon 
season among all the races wherein the pupal duration is prolonged in the post-monsoon season in 
the females and as well as male pupae. In the monsoon season though the pupal duration is 
intermediary between the two seasons, the shortest pupal duration was noticed in the pre-monsoon 
season as it is detected in the few hybrid combinations studied in different seasons (Rohith et al., 
2008). Thus, it is a clear indication how the role of environmental factors play a predominant role in 
pupal duration as it was reported for short larval duration and short total lifespan in pre and npnd 
races (Rohith & Subramanya, 2010a, 2010b, 2010c, 2010d). silkworms is emerging as an 
invertebrate model for the aging and lifespan mechanism study, and could also serve as a novel 
replaceable laboratory animal to provide early reference for mammalian and clinical screening for 
lifespan extending drugs and pharmacodynamics evaluation (Meng et al., 2017; Chen et al., 2018). 
Silkworm pupae are natural enormous by products of the silk industry with excellent applications in 
the field of biomedical science and the pharmaceutical industry.  
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TABLE 2: PUPAL DURATION OF SIX MULTIVOLTINE RACES IN THREE SEASONS. 
    Seasons  
           Sex 
 Races 
Pre-monsoon Monsoon Post-monsoon Average 
Male Female Male Female Male Female Male Female 
pre 144 
 3.46 
168  
 3.46 
168  
 3.46 
192  
 6.0 
224 
  6.93 
248  
 6.92 
178.66 
 4.61 
202 
 4.61 
npnd 144  3.46 
168 
 3.46 
168  
 3.46 
192  
 6.0 
224  
 5.93 
248  
 6.92 
170.66  
 4.61 
202 
 4.61 
C.nichi 156 
 3.96 
180  
 4.12 
180  
 3.72 
204  
 6.0 
236  
 6.93 
260  
 7.92 
19032 
 5.53 
214 
 5.17 
PM 180 
 3.96 
204  
 4.14 
192  
 3.78 
216  
 6.0 
248  
 4.93 
272  
 5.92 
206.66  
 4.22 
242  
 4.74 
Nistari 180 
 3.12 
204  
 4.30 
192  
 3.96 
216  
 12.0 
248  
 8.93 
276 
  7.92 
206.66  
 5.33 
232 
 5.45 
Daizo 186 
 3.12 
210 
  3.15 
204  
 3.47 
228  
 12.0 
260 
  3.93 
284  
 6.92 
216.66  
 3.60 
240 
 4.51 
MSE between 
races 36.00 51.55 36.00 36.00 144.00 144.00 72.00 77.18 
F-value 30.90 20.05 17.6 17.6 4.4 4.7 17.63 14.11 
CD at 5% 5.75 6.88 5.75 5.75 11.50 11.50 8.13 8.41 
 
 
 
FIGURE 2: PUPAL DURATION OF MULTIVOLTINE RACES DURING THREE 
SEASONS. 
 
The proteins extracted or identified from silkworm pupae expressed great medicinal value to 
cure different deadly diseases. Most importantly, functions of pupal protein include drug delivery, 
tissue engineering, tissue scaffolds, wound dressings, regulation of blood lipids and glucose, 
antiapoptotic, antioxidant, antigenotoxic, hepatoprotective activity, bioreactor, and as anticancer 
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agent (Rao, 1994; Zhou et al., 1996; Yang et al., 2002; Jian  et al., 2006;  Zhou & Han, 2006; 
Longvah et al., 2011; Kwon et al., 2012; Meetali et al., 2014).The present study using silkworm 
pupa would rise in aging and lifespan of silkworm and allied animals of social and non social of 
economic interests and may also be used for more expandable application like pharmaceuticals 
industries. 
The data pertaining to the adult life span in multivoltine, are presented in the table 3. The 
graphical representation of the data calculated based on the mean values are depicted in fig. 3. The 
detailed results of the above experiments on adult life span are as follows.  
Adult moth longevity: The statistical data (ANOVA) with mean squares, F values and CD at 5% 
level in six multivoltine races during three seasons and their average mean are presented in table 3, 
both in the mated and unmated moths along with results of ANOVA. It is evident from the table and 
figure that in pre-monsoon season, among the mated males the adult life span ranges from a lowest 
of 84 ±2.6 hours in pre race to a highest of 149 ± 1.95 hours in Daizo race. In case of unmated 
males, pre recorded a lowest of 102 ± 3.14 to a highest of 164±3.26 hours in Daizo race. A similar 
trend was observed among all the races in regard to mated and unmated females, but the duration of 
the life span of moths was longest in the female moths. As evident from the statistical analysis, it is 
clear that the F value ranges from 62.89 to 184.87, where as the respective CD value ranges from 
11.19 to 13.58. A comparison between the different races, clearly indicates statistically significant 
differences at 5 % level (P<0.05). The adult life span of six multivoltine races in monsoon season 
along with the relevant statistical analysis presented in the table and figures, clearly demonstrated 
the following results. Among the mated males pre recorded the lowest adult life span of 
108.002±0.39 hours, where as the longest adult life span was recorded by unmated female of Daizo 
race (246 ± 3.90 hours). Based on the mean square values, F values and CD at 5 % level (P<0.05)  it 
is evident that there is significant differences between races of mated and unmated male and female 
moths, where in  the respective F values for pre,  npnd,  PM, Nistari and Daizo were 37.89,55.34, 
54.85, 61.34 63.43 and 137.14. The results pertaining to the life span of mated and unmated male 
and female moths of multivoltine races viz., pre, npnd, C.nichi, PM, Nistari and Daizo during post-
monsoon period along with relevant CD values, F value and mean sum of errors are shown in the 
table and figure. Perusal of the data clearly indicated that among the mated and unmated males, the 
unmated males exhibited prolonged adult life span (a highest of 222±3.43 hours) in Daizo race 
compared to other races. The longest adult life span was exhibited by unmated female moths of 
Daizo race. A comparison among the races for two mating types both in the male and female moths 
clearly indicated statistically significant differences (P<0.05). Table 3 and Figure 3, represent the 
pooled data of all the three seasons for mated and unmated moths of six multivoltine races. Among 
the mated males the adult life span ranges from a lowest of 105.97± 2.79 hours in pre race, where as 
a highest of 178.74±3.62 hours were observed in Daizo race. The data pertaining to unmated males it 
is obvious that pre recorded a lowest duration of 119.80 ± 3.13 hours to a highest of 192.67±3.5 
hours in Daizo race. Based on the data pertaining to the life span of the mated and unmated females 
(Figure 4), a lowest of 139.63 ± 3.60 hours was recorded by pre mated females where as the longest 
life span 233.34 ± 2.80 hours is clearly evident in Daizo race. The CD values in the six multivoltine 
races viz., pre, npnd, PM, C.nichi, Nistari and Daizo are 14.53, 14.08, 12.04, 12.09, 12.36 and 12.47 
respectively which are statistically significant at 5% level. There is a general tendency observed 
where the unmated (virgin) males and females lived longer by 24-48 hours. But Murakami & 
Shimada (1988) demonstrated that the life span of female is 1.5 times longer than males in temperate 
bivoltine strain J106. Further, extending the research work on a polyvoltine race Cambodge, 
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Murakami (1987) demonstrated that the multivoltine Cambodge lives for a shorter period than the 
bivoltine races.  
TABLE 3: ADULT LIFESPAN OF SIX MULTIVOLTINE RACES 
(i) in Pre-monsoon season: 
Races 
Sex 
pre 
 
npnd 
 
C.nichi 
 
PM 
 
Nistari 
 
Daizo 
 
Mated male 84.00±3.26 99.0±1.95 102.00±1.95 114.00±1.62 108.00±3.14 149.00±1.95 
Unmated male 102.00±3.14 106.03±1.14 132.00±3.14 135.00±2.39 134.80±3.19 164.00±3.26 
Mated female 114.003±.44 118.0±1.95 153.00±2.22 156.00±2.14 162.00±3.26 186.00±3.14 
Unmated female 144.00±3.26 146.0±3.14 172.00±3.14 186.00±2.83 181.80±2.47 211.00±2.16 
MSE between races 220.84 136.42 142.10 102.55 183.50 144.3 
F-value 63.34 62.89 126.71 184.87 112.82 102.95 
CD at 5% 13.58 11.19 11.41 9.70 12.98 11.51 
(ii) in Monsoon season: 
Mated male 108.002±0.39 121.0±02.83 128.00±.2.83 150.00±.3.14 138.00±3.26 175.00±.1.83 
Unmated male 114.60±3.92 126.002±.22 140.00±.3.43 162.00±2.83 146.00±2.83 192.00±1.95 
Mated female 138.003±0.90 136.00±3.42 158.00±.2.67 180.00±3.20 168.00±2.14 205.00±2.09 
Unmated female 156.003±0.98 168.002±.75 179.00±.2.83 204.00±.2.83 184.00±2.14 246.00±3.90 
MSE between races 256.64 238.34 174.31 180 138.31 133.10 
F-value 37.89 55.34 54.85 61.34 63.43 137.14 
CD at 5% 15.35 14.79 12.65 12.85 11.27 11.05 
(iii)  in Post-Monsoon season: 
Mated male 126.00±2.62 135.001±0.7 150.00±3.14 171.00±.3.34 159.00±.2.70 212.00±3.02 
Unmated male 144.003±.90 152.00±2.76 174.00±2.14 183.00±4.41 180.00±3.14 222.00±3.43 
Mated female 168.00±3.99 174.00±3.14 184.00±1.49 198.00±2.14 192.00±3.26 234.00±3.14 
Unmated female 181.20±2.94 190.003±.59 204.00±4.04 235.00±2.39 234.00±3.26. 242.00±3.91 
MSE between races 232.67 210.57 164.46 203.58 187.95 229.64 
F-value 52.07 73.64 61.70 76.33 104.86 15.53 
CD at 5% 14.61 13.88 12.29 13.74 13.13 14.52 
Average adult life span of six multivoltine races in all the three seasons: 
Mated male 105.97±2.79 118.34±2.26 126.67±2.98 135.20±2.47 144.69±3.46 178.74±3.62 
Unmated male 119.80±3.13 128.27±2.94 148.67±2.91 153.60±3.05 159.84±3.17 192.67±3.51 
Mated female 139.63±3.60 142.67±3.46 163.60±2.32 174.00±2.36 177.64±2.65 208.54±3.03 
Unmated female 160.07±2.80 168.00±2.96 185.00±2.62 199.94±3.49 208.23±3.06 233.34±2.80 
MSE between races 230.05 216.58 158.28 162.02 169.92 169.36 
F-value 51.09 64.10 59.81 107.24 170.58 90.37 
CD at 5% 14.53 14.08 12.04 12.09 12.36 12.47 
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FIGURE 3:  MEAN ADULT LIFE SPAN OF SIX MULTIVOLTINE RACES 
(AVERAGE OF THREE SEASONS) 
The present studies of the authors corroborates with the studies of Murakami (1987); 
Murakami & Shimada (1988). Because of the duration of adult life span significantly differs among 
multivoltine strains it is possible to say that the adult life span is strain specific. It is interesting to 
note that the species and strain difference in longevity have also been reported in a few silkworm 
races (Umashankara & Subramanya, 1999; Rohith & Subramanya, 2010a, 2010b, 2010c, 2010d). 
The multivoltine breeds have revealed longest moth longevity in the virgin females than those of 
mated female and male moths. Such variations in adult moth longevity may be due to racial 
specificity and is in conformity with the observations of Murakami (1989a;1989b & 1990). Further, 
the studies of Kang et al., (1999) reveals that longevity in adult moths depends on the aboriginal 
races used and also correlated moth longevity with those of commercial characters of the silkworm 
and demonstrated that silkworm exhibits a tendency that commercial characters become better when 
longevity of the adult moth is longer. The present study also clearly indicated that the virgin and 
mated female moths were found to live longer when compared to the virgin and mated male moths 
and the finding has relevance to the findings of Murakami (1989) As for as seasonal difference is 
concerened there was no much difference between pupae and moths, their duration is prolonged in 
post mosoon season, as it is reported in the longevity studies of pupa (Anantha et al., 2018a, 2018b). 
In the monsoon season though the moth duration is intermediary between the two seasons, the 
shortest moth duration was noticed in the pre-monsoon season as it is detected in the few hybrid 
combinations studied in different seasons (Rohith et al., 2008; Anantha & Rohith, 2018a,2018b). 
Collatz & Sohal (1986) studied the strategies and mechanism of insect aging and highlighted how 
insect ageing has a relevance to senescence processes in higher bisexual organisms. The silkworm, a 
member of the order Lepidoptera, offers an important laboratory model to understand the mechanism 
of adult life span because its status lies between that of bacteria and man. Further, its biomass, 
organismic complexities etc. are very conspicuous and easy to handle and analyze (Murakami, 
1990). Clark & Rockstein (1964), in their detailed investigation on housefly and honeybee 
demonstrated that the adult life span in these insects are known to be greatly influenced by the 
environment and also other factors such as food, temperature, season and genotype of the individual 
(Umashankara & Subamanya, 2001).  Since longevity is considered as a fitness component in all 
organisms, scientist are now more interested in the genetics of longevity. In the present 
investigation, an attempt has been made to study the adult life span in ten different silkworm races 
and their F1 hybrids in order to understand its relevance in silkworm breeding.  
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CONCLUSION: From the present studies, it is clearly evident that among the six multivoltines, the 
pupal duration after the chrysalis stage ranges from 6-7 days, Generally the average pupal life span 
is said to be ranges from 9-13 days depending on the sex (including spinning, mounting and 
chrysalis stage) irrespective of pure races/hybrids. However, a detail investigation in this regard may 
throw light upon whether long lived pupae may show dominant over short lived pupae and has any 
relevance to maternal inheritance. Overall picture that emerges out from this study on pupal duration 
is that adult life span difference observed in different races/breed and hybrids may be due to in part 
to races/breed/genotype, and environment. The results obtained from the present studies clearly 
demonstrate that racial differences, seasonal impact and sex wise differences are important in the 
expression of adult longevity. The result that emerges out on adult life span is that adult life span 
differences observed in different races may be due to in part to races, genotype, and environment. 
The present investigation put forth the fact that longevity may not be explained by these factors 
alone. 
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